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Intercharacter Correlations in Sorghum in Relation to 
Genotypic and Environmental Variations 1 
R. E. ATKINS and ALVARO BUEN02 
Department of Agronomy, Iowa State 
University, Ames, IA 50011 
Intercharacter associations in sorghum (Sorghum bicolor L. Moench) were evaluated in four experiments that provided a diversity of pro-
duction environments and genetic materials. The yield component that showed the highest correlation with grain yield in all ex-
periments was number of seeds per head. Seed size was the component that showed next best correlation with yield. Heads per plant 
showed low correlation with yield in three of the four experiments. 
Grain yield was correlated significantly with the maturity-related characters, midbloom and black-layer formation, in all experiments. 
Yield also was correlated significantly with plant height among the diverse group of hybrids tested. The correlations of leaf area with 
grain yield did not seem sufficiently strong to suggest that indirect selection for yield by means of estimates of total-plant leaf area would 
be very effective. 
INDEX DESCRIPTORS: Sorghum bicolor L. Moench, agronomic traits, genetic diversity, planting regimes. 
Economic yields of grain crops are dependent on their rates of 
growth and on the efficiency with which they partition dry matter to 
the different plant organs. Grain yield is dependent upon several 
aspects of the developmental morphology of the plant. Knowledge 
of the relationships among the various morphological characters is of 
major importance to plant breeders because these traits usually are 
measured easily and may be helpful selection criteria for screening 
genotypes. Selection for grain yield, based on traits other than grain 
yield per se, assumes that there is a high and consistent correlation 
between the specified traits and grain yield. 
The utilization of yield components as selection criteria for 
development of higher-yielding varieties has been cited as effective 
in several grain crops (Frey, 1970), In barley (Hordeum vulgare L.), 
Rasmusson and Cannell (1970) selected among F. families for yield 
and yield components and found that selection for number of heads 
per unit area was as effective as selection for yield per se. But selec-
tion for kernel weight was effective in only one population, and 
selection for grain number actually reduced yield. Correlations be-
tween the components and yield varied considerably among genera-
tions and in different environments. They concluded that selection 
for yield components might be very effective in some situations, but 
ineffective in others. 
McNeal et al. (1978) used a high selection intensity (1-2%) for 
several yield components in segregating populations from a single 
spring-wheat cross. Results of the selection for different components 
were evaluated in the F4 and F8 generations. Kernel weight and 
kernel number per spike were good characters for indirect selection 
for yield improvement, but spike number per plant was not. Knott 
and Talukdar (1971) also suggested that wheat yields could be in-
creased by selecting for increased kernel weight. In oats, Chand-
hanamutta and Frey (1973) found that panicle weight was a good 
criterion for indirect selection for grain yield. The increase in yield 
was attributed 80% to increased seeds per panicle and 20% to in-
creased seed weight. 
Associations between grain yield and yield components in 
sorghum (Sorghum bicolor 1. Moench) have been determined in 
several experiments (Kambal and Webster, 1966; Niehaus and 
Pickett, 1966; Beil and Atkins, 1967; Kirby and Atkins, 1968; and 
Atkins and Martinez, 1971). In each investigation, number of seeds 
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per head was the component most highly correlated with grain yield. 
Seed size had a relatively small effect on yield, while number of 
heads I plant was correlated negatively with yield in some studies and 
positively in others. Correlations estimated by covariance analyses by 
Atkins and Martinez (1971), indicated that seeds/head was the yield 
component most responsive to variations in row spacings and plant 
populations. In contrast, Malm (1968) tested sorghum hybrids in-
volving exotic parents that varied markedly in seed size and found 
that the correlation between yield and seed size was higher than the 
coefficient for yield versus seed number. 
We used data obtained from four experiments conducted over a 
2-year period to study the interrelationships among several plant 
traits in sorghum, with emphasis on their associations with grain 
yield. One experiment provided a diversity of production en-
vironments, and the others encompassed an appreciable range in 
genetic types. Our objectives were (a) to examine intercharacter cor-
relations for consistency over diverse environmental conditions and 
genetic composition, and (b) to assess the utility of leaf area 
measurements as a possible means for preliminary screening of en-
tries for relative yield potential. 
MATERIALS AND METHODS 
Our results were obtained from experiments conducted at the 
Iowa State University Research Farm near Ames, Iowa. Experiment 1 
was conducted in 1977, with the plantings made later than usual 
Oune 15) because of extremely dry weather that prevailed until early 
summer. But conditions for growth were favorable after planting; 
thus, plant development and stature appeared normal. Mean yield 
for all treatments in this test was. 71 qiha. The sorghums for Ex-
periments 2, 3, and 4 were planted in late May 1978. Plants emerged 
rapidly, grew vigorously, and produced mean yields of 75, 84, and 
68 q/ha for the respective experiments. 
Experiment 1 was arranged in a split-plot design, with row spac-
ings as whole plots and a 2x2 factorial combination of hybrids (tall 
and short) and plant densities (low and high) randomized as 
subplots, with three replicates of each plot type. Rows were spaced 
51, 76, or 102 cm apart, and plant densities were 128 and 256 thou-
sand plants/ha. The genotypes tested were near-isogenic hybrids, 
'A, Combine Kafir 60' x 'Tx 7078' (the "tall" hybrid) and 'A, Tx 
616 Kafir' x 'Tx 7078' (the "short" hybrid). Each experimental unit 
(plot) consisted of three rows 6.1 m long, and each unit was 
replicated three times. 
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The entries for Experiment 2 were 10 hybrids that span the range 
of different types of sorghum hybrids available commercially for 
agronomic traits and for diversity of commonly used male and 
female parents. The row spacing was 102 cm, plant density was 128 
thousand plants I ha, and the entries were arranged in a randomized 
complete-block design with three replicates of single-row plots, 4.3 
m long. 
In Experiment 3, the genotypes tested were 90 commercial cir ex-
perimental hybrids. Released private and public agency hybrids, 
plus experimental hybrids from the Iowa program and Regional 
Nursery entries from other state sorghum breeding programs, were 
included. Plant density was 173 thousand plants/ha, and the rows 
were spaced 76 cm apart. Plots were single rows, 6.1 m long, arrang-
ed in a 9 x 10 triple-rectangular-lattice design with three replicates. 
The genotypes tested in Experiment 4 were 120 S, lines obtained 
by harvesting tagged fertile heads from the third recombination cycle 
of the Iowa sorghum population IAP1R(M)C3. This is a random-
mating population released as a source population for the develop-
ment of fertility restorer lines (Atkins, 1980). The population is 
broad based, with genetic input from 40 diverse restorer lines during 
its development. The 120 lines were divided into six sets of 20 lines, 
the lines were randomized within each set, and the sets were ran-
domized within each of the two replicates. Single-row plots, 4.3 m 
long, were spaced 102 cm apart, and the plant density after thinning 
was 128 thousand plants/ ha. 
Data were recorded in two or more experiments for the 11 
agronomic characters listed in Table 1. The entries in Experiments 1, 
2, and 3 were viewed as fixed sets of hybrids. The S, lines tested in 
Experiment 4 were selected randomly from the population. All ex-
periments were grown at Ames, but two markedly different seasons, 
plus variations in planting arrangements and plant densities, provi-
ded diversity among the production environments. 
Simple phenotypic correlation coefficients were computed for each 
experiment between all characters measured in that experiment. The 
coefficients listed for Experiment 1 are for the data pooled over row 
spacings, plant densities, and hybrids since these variables did not 
influence the values appreciably. Methods for measuring or 
calculating the values recorded for each character were in accordance 
with established procedures, but amplification may be helpful for 
certain characters. 
Black layer: Number of days from planting until the formation of 
a layer of black cells near the hilum of the seed could be detected in 
approximately 80% of the panicles in the row and in the bottom 
third of these panicles. Formation of the black layer serves as an in-
dicator of physiologic maturity of the grain. 
Grain filling pen.ad: Days to black-layer formation minus days to 
mid bloom. 
Seed size: Weight of 100 seed (g) was taken as an indicator of seed 
stze. 
Harvest index: Obtained by dividing threshed grain weight by 
total-plant dry weight at harvest. 
Leaf area: Measured with a Licor Model LI 3000 Portable Area 
Meter. All leaves from 10 plants/plot were detached and measured 
for Experiments 1 and 2. Measurements were made in the field on 
intact plants in Experiments 3 and 4. Area of the fourth leaf from 
the top of the plant was measured on either five plants (Experiment 
3) or 10 plants (Experiment 4) chosen randomly in each plot. Then 
the leaf area co-efficient b = 5.06, proposed by Atkins and Bueno 
(1981), was used to convert the average area of leaf 4 to an estimate 
of total-plant leaf area. All leaf areas were measured at least 60 days 
after planting, when leaves were fully expanded. 
RESULTS AND DISCUSSION 
Correlation coefficients calculated for each of the four experiments 
are presented in Tables 1 through 4. Those presented in Table 1 re-
flect average performance over several planting regimes. Tables 2 
and 3 present the character associations in a background of plant-to-
plant uniformity, but among a diversity of hybrid genotypes. And, 
Table 4 gives correlation coefficients that were determined from S, 
lines that show considerable within-plot variability. The character as-
sociations will be discussed primarily in three categories: (a) those 
that involve yield and yield component relationships, (b) those for 
maturity-related traits and yield, and (c) those that involve leaf area 
estimates. 
Across the diversity of genotypes and production environments, 
the yield component that showed closest correlation with grain yield 
in all instances was number of seeds per head. A high value of 
r = 0.94 was shown in Experiment 1, and values ranging from 0.41 to 
0.50 were found in the other experiments. This position of relative 
importance of seeds/ head as a contributor to grain yield is in har-
mony with results cited previously that usually summarized data 
from a lesser spectrum of environments. Seed size was not correlated 
significantly with yield in Experiments 1 and 3. In the other experi-
ments, seed size and yield were significantly correlated, but only the 
value of r = 0.49 in Experiment 2 was of moderate magnitude. 
Table 1. Simple phenotypic correlation coefficients among grain yield, yield components, maturity related traits, and other morphological 
traits computed over row spacings, plant densities, and height genotypes tested in Experiment 1, Ames, Iowa, 1977 
Mid- Black Grain Plant Heads/ Seeds/ Seed Harvest Leaf Leaf 
bloom layer filling height Qlant head size index number area 
Black layer .90*. 
Grain filling .62*. .89*. 
Plant height . 59•. .45 •• .21 
Heads/plant .09 .08 .08 -.26 
Seeds/head .43 •• .39* .26 -.03 -.63*. 
Seed size .44** .33* .18 .86** -.05 .09 
Harvest index .04 .04 .03 .02 -.21 .11 .03 
Leaf number .61 •• .54** .34* . 20 . 56* • .88* • .22 .08 
Leaf area .47*. .32* .10 . 23 .60* • . 77*. .37* .01 . 72•. 
Grain yield .49*. .40** .24 .12 . 74·. .94** .30 .02 .88*. .85*. 
•, • • Significant at P< 0.05 and P< 0.01, respectively, N = 36. 
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Table 2. Simple phenotypic correlation coefficients among grain yield, yield components, maturity traits, and other morphological charac-
teristics for IO sorghum hybrids, tested in Experiment 2, Ames, Iowa, 1978 
Mid- Black Grain Plant Heads/ Seeds/ Seed Harvest Leaf Leaf 
bloom layer filling height Qlant head size index number area 
Black layer .90*. 
Grain filling . 25 .65* • 
Plant height -.03 .13 .34 
Heads/plant -.27 -.23 -.05 .12 
Seeds/head .49*. .58*. .44*. .17 -.66" 
Seed size -.05 .05 .21 .36 .28 -.34 
Harvest index .10 .18 .22 .17 .15 .14 .34 
Leaf number .19 .71** .14 -.40* .04 .35 -.23 -.03 
Leaf area . 74•. . 72*. .29 -.22 -.65 •• .60* • -.13 .01 . 75 •• 
Grain yield . 51 •• . 70*. .65 •• . 57*. -.08 .50*. .49' • . 51 •• .15 .36 
•, •• Sigificant at P<0.05 and P<0.01, respectively, N= 30. 
Table 3. Simple phenotypic correlation coefficients among grain yield, yield components, maturity traits, and other morphological 
characters for 90 sorghum hybrids tested in Experiment 3, Ames, Iowa, 1978 
Mid- Black Grain Plant 
bloom layer filling height 
Black layer . 79•. 
Grain filling .28*. .81'. 
Plant height .24'. .12· -.05 
Heads/plant -.03 .02 .06 .03 
Seeds/head .46*. .34*. .09 .25" 
Seed size -.18*. -.11 . 01 .17'* 
Leaf area . 58*. .50*. .22· • .06 
Grain yield .45 •• .40*. .19·. .48" 
', 
• • 
Significant at P< 0.05 and P< 0.01, respectively, N = 270. 
Heads/plant showed quite high correlation (r= 0.74) with yield in 
Experiment 1. But in the other experiments, low coefficients, -0.08, 
0.09, and 0.38, were obtained. 
Grain yield was correlated significantly with the maturity-related 
characters, midbloom and black-layer formation, in all experiments. 
The highest coefficient for midbloom with yield was obtained 
among the diverse hybrids of Experiment 2 (r = 0.51), and the lowest 
was among the variable S, lines of Experiment 4 (r = 0.33). Black 
layer vs. grain yield, likewise, showed quite high correlation 
(r = 0. 70) in Experiment 2. Coefficients for this association were mo-
derate to low in the other experiments. 
Length of the grain-filling period was correlated significantly with 
yield among the diverse hybrids of Experiment 2. But the coeffi-
cients for this correlation were low and usually not significant for the 
other experiments. Black layer and grain filling showed high correla-
tion (r = 0.89, 0.65, 0.81, and 0.86) across Experiments 1 through 4, 
but midbloom vs. grain filling showed low correlation (r = 0.22, 
0.25, and 0.28) in three of the four experiments. Midbloom and 
black-layer formation both were correlated significantly with 
seeds/head in all experiments, with r=0.58 in Experiment 2 the 
highest coefficient. But these two characters were not correlated ap-
preciably with seed size or grain-filling period in most instances. 
Plant height displayed significant correlation with grain yield 
among the diverse hybrids of Experiments 2 and 3, with coefficients 
of r = O. 5 7 and 0.48, respectively. Associations of the individual 
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often not significant, except for the correlation of r = 0.86 between 
height and seed size in Experiment 1. The maturity traits, midbloom 
and black layer, were related moderately to plant height in Experi-
ment 1 (r=0.59 and 0.45, respectively). But these characters, plus 
grain filling, showed low correlation with height in all other instan-
ces. Harvest index showed significant correlation with grain yield 
(r = 0. 51) among the hybrids of Experiment 2. All of the other corre-
lations involving harvest index were very low and not significant. 
Different sorghum leaves attain their maximum area at different 
times during plant development. But all leaves have essentially 
reached their maximum area by 50 days after planting, most certain-
ly so by 60 days (Bueno and Atkins, 1981). The area of leaves in the 
upper portion of the canopy can be measured rapidly on intact 
plants with a portable electronic meter. If leaf area and grain yield 
show high correlation, measurement of the area of certain fully 
developed leaves over a wide range of genotypes might well serve as a 
criterion for screening lines and populations in a sorghum breeding 
program. 
Experiments that encompassed a diversity of environments and 
genotypes indicated that area of the fourth leaf from the top of the 
plant may serve effectively for making estimates of total-plant leaf 
area in sorghum (Atkins and Bueno, 1981). In their experiments, 
this leaf usually was the largest, or nearly the largest, and its area was 
highly correlated with total-plant leaf area. They concluded that 
multiplying the area of the fourth leaf from the top on fully 
developed plants by the coefficient b = 5.06 would provide estimates 
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Table 4. Simple phenotypic correlation coefficients among grain yield, yield components, maturity traits, and other morphological traits for 
120 S, lines tested in Experiment 4, Ames, Iowa, 1978 
Mid- Black Grain Heads/ 
bloom layer filling plant 
Black layer .68*. 
Grain filling .22*. .86*. 
Heads/plant .15* .07 -.01 
Seeds/head .32 •• .25** .12· -.04 
Seed size -.01 -.02 -.02 -.05 
Leaf area .65 •• .54*. .28*. .12· 
Grain yield .33 •• .25 •• .09 .38** 
*, • • Significant at P < 0. 05 and P < 0. 01, respectively, N = 240. 
that should be useful for ranking entries for total-plant leaf area. 
Measurement of the fourth leaf from the top on five to 10 plants 
per plot or genotype seems feasible practically in a sorghum breeding 
nursery. We were especially interested, therefore, in how closely our 
leaf area estimates were correlated with grain yield and, secondly, 
with the components of yield and other agronomic traits. Within the 
narrow genetic framework of Experiment 1, leaf area and grain yield 
were significantly correlated (p< 0.01) (r = 0.85) over several plant-
ing regimes. Among the diverse hybrids of Experiments 2 and 3, 
however, these traits were not so strongly associated (r = 0.36 and 
0.31). And, among the S, lines of Experiment 4 the correlation, 
likewise, was only moderate (r = 0.40). 
The diversity of genotypes represented in Experiments 2 through 4 
more nearly represents the spectrum of plant types that one might 
encounter in a breeding nursery. It seems, therefore, that selection 
of entries with large leaf area, by using the estimation procedure 
described, would not be highly effective for identifying high-
yielding genotypes in a sorghum breeding program. 
Correlations of leaf area with the primary components of yield 
generally did not indicate that marked improvements in grain yield 
by means of indirect selection through leaf area and yield com-
ponents would be likely. The correlations between seeds/head and 
leaf area were higher among the diverse hybrids of Experiments 2 
and 3 than the coefficients for leaf area and yield per se. But the 
coeffcients for leaf area with heads I plant and leaf area with seed size 
most often were negative and small within the realm of the hybrids 
and lines evaluated in the four experiments. 
Leaf area showed consistently higher correlation with midbloom 
than it did with black-layer formation or grain-filling period. Cor-
relation coefficients ranging from 0.47 to 0. 74 indicated that the 
types with large leaf area were late in reaching the midbloom stage. 
The correlations of black-layer formation and leaf area, likewise, 
were significant in all four experiments, but not so large. Grain fill-
ing and leaf area were not correlated strongly in any of our ex-
periments, nor was plant height with leaf area. 
Whether the plant breeder is attempting improvement of traits 
directly or indirectly he must select in an everchanging environment. 
And, as pointed out by Grafius (1956), the traits that are under 
selection reflect ratios of expression among other characters. Addi-
tionally, Adams (1967) proposed that yield components are 
genetically independent and that they develop sequentially. He 
developed a model portraying the oscillatory expression of yield com-
ponents in response to environmental stress as a means to rationalize 
the negative associations among components that often are ob-
served. 
Seeds/ Seed Leaf 
head size area 
-. 58 •• 
.38*. .01 
.41 •• .18** .40*. 
With developmental, genetic, and environmental influences com-
ing to bear on the final expression it is not surprising that progress in 
improving agronomic traits, singly or in combination, often proves 
frustrating and to varying degrees less than the plant breeder may 
anticipate. Nevertheless, intercharacter correlations from ex-
periments that span a wide range of environments and genetic com-
position have utility in establishing potential breeding values for 
specific traits and for individual components of those traits. 
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